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including the first motion vector predictor candidate and the
second motion vector predictor candidate, and the motion
vector of the target partition; and encoding the motion vector
predictor indication information.
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Fig.3
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Fig.8
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METHOD AND SYSTEM FOR PREDICTIVE
DECODING WITH OPTIMUM MOTION
VECTOR

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/872,932, filed Jan. 16, 2018, which 1s a
continuation of U.S. patent application Ser. No. 15/374,929,
filed Dec. 9, 2016, which 1s a continuation of U.S. patent
application Ser. No. 13/936,005, filed Jul. 5, 2013, which 1s
a continuation of PCT/JP2011/079540, filed Dec. 20, 2011,
which claims the benefit of the filing date pursuant to 35

U.S.C. § 119(e) of JP2011-002203, filed Jan. 7, 2011, all of
which are incorporated herein by reference.

TECHNICAL FIELD

Embodiments of the present invention relate to a predic-
tive encoding method, a predictive encoding device, and a
predictive encoding program ol motion vector and to a
predictive decoding method, a predictive decoding device,
and a predictive decoding program of motion vector.

BACKGROUND ART

Motion compensated prediction technology 1s occasion-
ally used 1 video encoding and video decoding. In the
motion compensation technology, a frame of a processing
target 1n a video sequence 1s divided into a plurality of
partitions. These partitions are sequentially selected as a
partition of a processing target (target partition). A motion
vector 1s then determined for the target partition. In the
motion compensated prediction technology, a motion vector
predictor 1s determined using motion vectors of neighboring,
partitions to the target partition and the motion vector of the
target partition 1s predictively encoded or predictively
decoded 1n some cases.

SUMMARY OF INVENTION

One aspect of a predictive coding system relates to a
predictive encoding technology of motion vectors.

An embodiment of the predictive coding system may
perform a predictive encoding method of motion vectors for
predictively encoding a motion vector used 1n motion com-
pensated prediction of a video sequence consisting of a
temporal sequence of frame pictures. The method compris-
ing: (a) a step ol determining a motion vector of a target
partition in a frame picture of an encoding target 1n the video
sequence; (b) a step of determining a first motion vector
predictor candidate satistying one or more predetermined
criterion used for determination of motion vector predictor
candidates, from a motion vector or motion vectors of one
or more partitions belonging to a left-neighboring region
located on the left side of the target partition; (c¢) a step of
determining a second motion vector predictor candidate
satisfying one or more predetermined criterion used for
determination of motion vector predictor candidates, from a
motion vector or motion vectors of one or more partitions
belonging to an above-neighboring region located above the
target partition; (d) a step of selecting an optimum motion
vector predictor and outputting motion vector predictor
indication information to specily the selected optimum
motion vector predictor, the optimum motion vector predic-
tor selected based on comparison between one or more
motion vector predictor candidates including the first motion
vector predictor candidate and the second motion vector
predictor candidate, and the motion vector of the target
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partition; and (e) a step of encoding the motion vector
predictor indication imnformation. As used herein, the terms
“above”, “below”, “left”, and “right” should be construed as
describing a positional relationship between described
objects or subject matter that 1s not limited to the directional
meaning of these terms, and should not be construed as
limiting orientation of the objects or subject matter with
respect to any other reference.

The predictive coding system may also include a predic-
tive encoding device of motion vectors, which 1s a device for
predictively encoding a motion vector used in motion com-
pensated prediction of a video sequence consisting of a
temporal sequence of frame pictures. The predictive encod-
ing device can include motion detection means which deter-
mines a motion vector of a target partition 1n a frame picture
of an encoding target 1n the video sequence; first motion
vector predictor candidate determination means which deter-
mines a first motion vector predictor candidate satisiying
one or more predetermined criterion used for determination
of motion vector predictor candidates from a motion vector,
or motion vectors, of one or more partitions belonging to a
left-neighboring region located on the left side of the target
partition; second motion vector predictor candidate deter-
mination means which determines a second motion vector
predictor candidate satistying one or more predetermined
criterion used for determination of motion vector predictor
candidates from a motion vector, or motion vectors, of one
or more partitions belonging to an above-neighboring region
located above the target partition; motion vector predictor
determination means, which selects an optimum motion
vector predictor based on comparison between the motion
vector of the target partition and one or more motion vector
predictor candidates. The one or more motion vector pre-
dictor candidates including at least one of the first motion
vector predictor candidate, or the second motion vector
predictor candidate. The motion vector predictor determi-
nation means outputs motion vector predictor indication
information to specily the optimum motion vector predictor
selected; and encoding means which encodes the motion
vector predictor indication information.

An embodiment of the predictive coding system includes
a predictive encoding program of motion vectors stored 1n a
non-transitory computer readable storage media, which 1s
executable by a processor to predictively encode a motion
vector used 1 motion compensated prediction of a video
sequence consisting of a temporal sequence of frame pic-
tures. The program stored 1n the computer readable storage
media executable by a processor to function as at least part
of: the motion detection means, the first motion vector
predictor candidate determination means, the second motion
vector predictor candidate determination means, the motion
vector predictor determination means, and the encoding
means described above.

In the predictive encoding technology of motion vectors
described above, the motion vector predictor candidates are
narrowed down, and thereafter the motion vector predictor
1s determined based on the comparison between the motion
vector of the target partition and the motion vector predictor
candidates. Therefore, the predictive coding system may
reduce the computational complexity necessary for the
determination of the motion vector predictor.

In an embodiment of the predictive coding system, the
predictive encoding technology may be configured as fol-
lows: a predicted signal of a pixel signal of a target partition
1s generated by referring to a reference frame with a frame
identifier, such as a number, specified by a reference picture
list 1dentification and a reference picture identification; a
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first motion vector predictor candidate 1s determined from
motion vectors of partitions 1n a left-neighboring region
having a reference picture list 1dentification and/or a refer-
ence picture identification coincident with the reference
picture list identification and/or the reference picture iden-
tification for the target partition; the second motion vector
predictor candidate 1s determined from motion vectors of
partitions 1n an above-neighboring region having a reference
picture list identification and/or a reference picture i1denti-
fication coincident with the reference picture list identifica-
tion and/or the reference picture 1dentification for the target
partition.

In an embodiment of the predictive coding system, the
motion vector predictor indication information may be
encoded 1nto encoded data of a bit count according to the
number ol motion vector predictor candidates. For example,
the motion vector predictor indication information may be
encoded into encoded data of a minimum bit count accord-
ing to the number of motion vector predictor candidates.
This embodiment may reduce the bit count of encoded data
of the motion vector predictor indication information.

In an embodiment of the predictive coding system, a
left-neighboring region may include a neighboring partition
located below and on the left side of a target partition. The
below-left-neighboring partition 1s a partition including
neighboring pixels existing below and on the left side of a
bottom left pixel in the target partition. In this embodiment,
the below-left-neighboring partition 1s included 1n the lett-
neighboring region, and the motion vector of the below-left-
neighboring partition 1s not defined as an independent
motion vector predictor candidate when the first motion
vector predictor candidate 1s determined from the left-
neighboring region. This embodiment may reduce the num-
ber of motion vector predictor candidates. As a result, a bit
count of encoded data of the motion vector predictor indi-
cation information may be reduced.

In an embodiment of the predictive coding system, an
above-neighboring region may include a neighboring parti-
tion located above and on the right side of a target partition.
The above-rnight-neighboring partition 1s a partition that
includes neighboring pixels existing above and on the night
side of a top night pixel in the target partition. In this
embodiment, the above-right-neighboring partition 1s
included in the above-neighboring region, and a motion
vector of the above-rnight-neighboring partition 1s not defined
as an mdependent motion vector predictor candidate when
the second motion vector predictor candidate 1s determined
from the above-neighboring region. This embodiment may
reduce the number of motion vector predictor candidates. As
a result, a bit count of encoded data of the motion vector
predictor indication information may be reduced.

In an embodiment of the predictive coding system, either
a left-neighboring region or an above-neighboring region
may include a neighboring partition located above and on
the lett side of a target partition. The above-left-neighboring
partition 1s a partition that includes neighboring pixels
existing above and on the left side of a top leit pixel 1n the
target partition. In this embodiment, a motion vector of the
above-left-neighboring partition 1s not defined as an 1nde-
pendent motion vector predictor candidate, and a motion
vector predictor candidate 1s determined while the above-
left-neighboring partition 1s included 1n the left-neighboring
region or in the above-neighboring region. This embodiment
may reduce the number of motion vector predictor candi-
dates. As a result, a bit count of encoded data of the motion
vector predictor indication information may be reduced.
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In an embodiment of the predictive coding system, a
predictive encoding technology may be configured as fol-
lows: one or more partitions 1n a left-neighboring region are
scanned 1n an upward direction from a bottom of the
left-neighboring region, whereby a motion vector satistying
one or more predetermined criterion 1s determined as the
first motion vector predictor candidate from motion vectors
of the one or more partitions. The predetermined criterion
can be used in determination of motion vector predictor
candidates. A subsequent scan 1n the left-neighboring region
may be terminated upon detection of the motion vector
satisiying the predetermined criterion used in determination
ol motion vector predictor candidates. According to knowl-
edge gained by the inventors based on research on a large
number of video sequences, a partition, from among the
partitions 1n the left-neighboring region, with a motion
vector having a small difference from the motion vector of
the target partition tends to exist on the lower side in the
left-neighboring region. Therefore, the first motion vector
predictor candidate with a small difference from the motion
vector of the target partition can be efliciently determined by
scanning the left-neighboring region in the foregoing scan
order.

In an embodiment of the predictive coding system, the
predictive encoding technology may be configured as fol-
lows: one or more partitions in an above-neighboring region
are scanned 1n a leftward direction from right to left,
whereby a motion vector satisfying one or more predeter-
mined criterion used in determination of motion vector
predictor candidates 1s determined as a second motion vector
predictor candidate from motion vectors of the one or more
partitions. The subsequent scan in the above-neighboring
region may be terminated upon detection of the motion
vector satisiying the predetermined criterion used in deter-
mination of motion vector predictor candidates. According
to the knowledge gained by the inventors based on research
on a large number of video sequences, a partition with a
motion vector having a small difference from the motion
vector of the target partition among the partitions in the
above-neighboring region tends to exist on the right side 1n
the above-neighboring region. Therefore, the second motion
vector predictor candidate with a small difference from the
motion vector of the target partition can be efliciently
determined by scanning the above-neighboring region in the
foregoing scan order.

In an embodiment of the predictive coding system, the
predictive encoding technology may be configured as fol-
lows: 1t comprises determining first scan direction indication
information indicative of a direction of scanning one or
more partitions included i a left-neighboring region, in
order to determine a first motion vector predictor candidate;
determining second scan direction indication information
indicative of a direction of scanning one or more partitions
included 1n an above-neighboring region, 1n order to deter-
mine a second motion vector predictor candidate; and fur-
ther encoding the first scan direction indication information
and the second scan direction indication information. In this
embodiment, the scans are carried out 1n both the upward
and downward directions 1n the left-neighboring region to
select a motion vector satisiying one or more predetermined
criterion used 1n determination of motion vector predictor
candidates. An optimum motion vector from among the
motion vectors selected 1n the upward and downward direc-
tions 1s defined as the first motion vector predictor candidate,
and information indicative of the direction of the scan 1n
which the first motion vector predictor candidate 1s acquired
1s defined as the first scan direction indication information.
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Furthermore, the scans are carried out in both the leftward
and rightward directions in the above-neighboring region to
select the motion vector satisiying the one or more prede-
termined criterion used 1n determination of motion vector
predictor candidates. The optimum motion vector, from
among the motion vectors selected in the leftward and
rightward directions, 1s defined as the second motion vector
predictor candidate and imformation mdicative of the direc-
tion of the scan 1n which the second motion vector predictor
candidate 1s acquired 1s defined as the second scan direction
indication information. This embodiment permits achieve-
ment of further improvement in encoding efliciency by
determination of the first motion vector predictor candidate
and the second motion vector predictor candidate.

In an embodiment of the predictive coding system, the
number of one or more motion vector predictor candidates
may be not more than a predetermined number, such as
three. This embodiment may further reduce the bit count of
encoded data of the motion vector predictor indication
information.

In an embodiment of the predictive coding system, an
optimum motion vector predictor may be used as a motion
vector of a target partition, without encoding a residual
signal between the motion vector of the target partition and
the optimum motion vector predictor. This embodiment may
turther improve the encoding efliciency because the residual
signal of the motion vector 1s not encoded.

Another aspect of the of the predictive coding system
relates to a predictive decoding technology of motion vec-
tors.

The predictive coding system may also perform a method
for predictively decoding a motion vector used 1in motion
compensated prediction to restore a video sequence consist-
ing ol a temporal sequence of frame pictures. The method
comprising: (a) a step of determining a first motion vector
predictor candidate that satisfies one or more predetermined
criterion used 1n determination of motion vector predictor
candidates. The first motion vector predictor candidate from
a motion vector or motion vectors of one or more partitions
included 1n a left-neighboring region located on the left side
ol a target partition 1n a frame picture of a decoding target;
(b) a step of determining a second motion vector predictor
candidate that satisfies one or more predetermined criterion
used 1n determination of motion vector predictor candidate.
The second motion vector predictor candidate determined
from a motion vector or motion vectors of one or more
partitions 1mcluded 1in an above-neighboring region located
above the target partition; (¢) a step of decoding encoded
data to restore motion vector predictor indication informa-
tion speciiying an optimum motion vector predictor for the
target partition; and (d) a step of selecting the optimum
motion vector predictor specified by the motion vector
predictor indication information, from one or more motion
vector predictor candidates, the one or more motion vector
predictor candidates including at least the first motion vector
predictor candidate and the second motion vector predictor
candidate.

The predictive coding system may also include a device
for predictively decoding a motion vector used 1in motion
compensated prediction to restore a video sequence consist-
ing of a temporal sequence of frame pictures. The device
comprising: first motion vector predictor candidate determi-
nation means, which determines a first motion vector pre-
dictor candidate that satisfies one or more predetermined
criterion used 1n determination of motion vector predictor
candidates from a motion vector or motion vectors of one or
more partitions belonging to a left-neighboring region
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located on the left side of a target partition 1n a frame picture
ol a decoding target; second motion vector predictor candi-
date determination means, which determines a second
motion vector predictor candidate that satisfies one or more
predetermined criterion used in determination of motion
vector predictor candidates from a motion vector or motion
vectors of one or more partitions belonging to an above-
neighboring region located above the target partition; decod-
ing means which decodes encoded data to restore motion
vector predictor indication information to specily an opti-
mum motion vector predictor for the target partition; and
optimum motion vector predictor determination means
which selects the optimum motion vector predictor specified
by the motion vector predictor indication information. The
optimum motion vector predictor can be selected from one
or more motion vector predictor candidates including at least
the first motion vector predictor candidate and the second
motion vector predictor candidate.

An embodiment of the predictive coding system 1ncludes
a program for predictively decoding a motion vector. The
program 1s stored in a non-transitory computer readable
storage media, and 1s executable by a processor to predic-
tively decode a motion vector used in motion compensated
prediction to restore a video sequence consisting ol a
temporal sequence of frame pictures. The program stored in
the computer readable storage media 1s executable by a
processor to function as at least part of: the first motion
vector predictor candidate determination means, the second
motion vector predictor candidate determination means, the
decoding means, and the optimum motion vector predictor
determination means described above.

In the predictive decoding technology of motion vectors
described above, the motion vector predictor candidates are
narrowed down and thereafter the motion vector predictor 1s
determined based on the comparison between the motion
vector of the target partition and the motion vector predictor
candidates. Therefore, the predictive coding system may
reduce the computational complexity necessary for the
determination of the motion vector predictor.

In an embodiment of the predictive coding system, the
predictive decoding technology may be configured as fol-
lows: a predicted signal of a picture signal of a target
partition 1s generated by referring to a reference frame with
a frame number specified by a reference picture list 1denti-
fication and a reference picture 1dentification; a first motion
vector predictor candidate 1s determined from motion vec-
tors of partitions 1n the left-neighboring region having a
reference picture list identification and/or a reference picture
identification identical to the reference picture list identifi-
cation and/or the reference picture identification for the
target partition; a second motion vector predictor candidate
1s determined from motion vectors of partitions in the
above-neighboring region having a reference picture list
identification and/or a reference picture 1dentification 1den-
tical to the reference picture list identification and/or the
reference picture identification for the target partition.

In an embodiment of the predictive coding system, a bit
count of encoded data of motion vector predictor indication
information may be a bit count according to the number of
motion vector predictor candidates. For example, the bit
count of encoded data of the motion vector predictor 1ndi-
cation mnformation may be a minimum bit count according
to the number of motion vector predictor candidates. This
embodiment may reduce the bit count of the encoded data of
the motion vector predictor indication information.

In an embodiment of the predictive coding system, a
left-neighboring region may include a neighboring partition
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located below and on the left side of a target partition. In this
embodiment, a motion vector of the below-left-neighboring
partition 1s not defined as an independent motion vector
predictor candidate and the below-left-neighboring partition
1s included in the left-neighboring region; then a first motion
vector predictor candidate 1s determined from the left-
neighboring region. This embodiment may reduce the num-
ber of motion vector predictor candidates. As a result, 1t may
reduce the bit count of encoded data of the motion vector
predictor indication information and reduce the computa-
tional complexity of the decoding process to restore the
motion vector predictor indication information from the
encoded data.

In an embodiment of the predictive coding system, an
above-neighboring region may include a neighboring parti-
tion located above and on the right side of a target partition.
In this embodiment, a motion vector of the above-right-
neighboring partition 1s not defined as an independent
motion vector predictor candidate and the above-right-
neighboring partition 1s included 1n the above-neighboring
region; then a second motion vector predictor candidate 1s
determined 1rom the above-neighboring region. This
embodiment may reduce the number of motion vector
predictor candidates. As a result, 1t may reduce the bit count
of encoded data of the motion vector predictor indication
information and reduce the computational complexity of the
decoding process to restore the motion vector predictor
indication information from the encoded data.

In an embodiment of the predictive coding system, either
a left-neighboring region or a above-neighboring region may
include a neighboring partition located above and on the left
side of a target partition. In this embodiment, a motion
vector of the above-left-neighboring partition 1s not defined
as an independent motion vector predictor candidate and the
above-left-neighboring partition 1s included 1n the left-
neighboring region or in the above-neighboring region; then
the motion vector predictor candidate 1s determined there-
from. This embodiment may reduce the number of motion
vector predictor candidates. As a result, the bit count of
encoded data of the motion vector predictor indication
information may be reduced, and the computational com-
plexity of the decoding process to restore the motion vector
predictor indication information from the encoded data may
also be reduced.

In an embodiment of the predictive coding system, the
predictive decoding technology may be configured as fol-
lows: one or more partitions 1n a left-neighboring region are
scanned 1n an upward direction from a bottom of the
left-neighboring region, whereby a motion vector satistying
a predetermined criterion used in determination of motion
vector predictor candidates 1s determined as the first motion
vector predictor candidate from motion vectors of the one or
more partitions. A subsequent scan 1n the left-neighboring
region may be terminated upon detection of the motion
vector satisfying the predetermined criterion of determina-
tion of motion vector predictor candidates. The first motion
vector predictor candidate with a small error from the
motion vector of the target partition can be efliciently
determined by scanning the left-neighboring region 1n the
foregoing scan order.

In an embodiment of the predictive coding system, the
predictive decoding technology may be configured as fol-
lows: one or more partitions 1n the above-neighboring region
are scanned in a direction from right to left, whereby a
motion vector satisiying the predetermined criterion used in
determination of motion vector predictor candidates 1s deter-
mined as a second motion vector predictor candidate from
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motion vectors of the one or more partitions. The subsequent
scan 1n the above-neighboring region may be terminated

upon detection of the motion vector satistying the predeter-
mined criterion used in determination of motion vector
predictor candidates. The second motion vector predictor
candidate with a small error from the motion vector of the
target partition can be efliciently determined by scanning the
above-neighboring region in the foregoing scan order.

In an embodiment of the predictive coding system, the
predictive decoding technology may be configured to
include: decoding encoded data to restore first scan direction
indication information to specily a direction of scanning of
one or more partitions in a left-neighboring region and
second scan direction indication nformation to specily a
direction of scanming of one or more partitions 1n an above-
neighboring region; scanning the one or more partitions in
the left-neighboring region 1n the direction specified by the
first scan direction indication information to determine the
first motion vector predictor candidate; and scanming the one
or more partitions in the above-neighboring region in the
direction specified by the second scan direction indication
information to determine the second motion vector predictor
candidate. This embodiment may determine the first motion
vector predictor candidate and the second motion vector
predictor candidate with smaller errors from the motion
vector of the target partition.

In an embodiment of the predictive coding system, the
number of one or more motion vector predictor candidates
may not be more than a predetermined number, such as
three. This embodiment may further reduce the bit count of
the motion vector predictor indication information.

In an embodiment of the predictive coding system, the
optimum motion vector predictor may be used as a motion
vector of a target partition. This embodiment may reduce a
data volume of encoded data because a residual signal of the
motion vector 1s not encoded.

As described above, the aspects and the embodiments of
the predictive coding system provide the predictive encod-
ing method, predictive encoding device, and predictive
encoding program of motion vectors and the predictive
decoding method, predictive decoding device, and predic-
tive decoding program ol motion vectors capable of reduc-
ing the computational complexity necessary for the deter-
mination of motion vector predictors.

Other systems, methods, features and advantages will be,
or will become, apparent to one with skill 1n the art upon
examination of the following figures and detailed descrip-
tion. It 1s intended that all such additional systems, methods,
teatures and advantages be included within this description,
be within the scope of the invention, and be protected by the
following claims.

BRIEF DESCRIPTION OF DRAWINGS

The predictive coding system, may be better understood
with reference to the following drawings and description.
The components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the system. Moreover, in the figures, like refer-
enced numerals designate corresponding parts throughout
the different views.

FIG. 1A 1s a drawing 1illustrating an example of rectan-
gular neighboring partitions used in motion compensated
prediction.

FIG. 1B 1s a drawing 1illustrating an example of rectan-
gular neighboring partitions used in motion compensated
prediction.




US 10,511,855 B2

9

FIG. 2 1s a drawing showing an example configuration of
a video encoding device according to an embodiment.

FIG. 3 1s a flowchart showing an embodiment of an
example of predictive encoding method of motion vectors.

FIG. 4 1s a drawing illustrating an example of rectangular
neighboring partitions used 1n motion compensated predic-
tion.

FIG. 5 1s a flowchart showing a first embodiment of an
example process of step S302 1n FIG. 3.

FIG. 6 1s a flowchart showing a first embodiment of an
example process of step S303 1n FIG. 3.

FIG. 7 1s a drawing showing an example configuration of
a video decoding device according to an embodiment.

FIG. 8 1s a flowchart showing an embodiment of an
example of a predictive decoding method of motion vector.

FIG. 9 1s a flowchart showing an example of a determi-
nation process of motion vector predictor candidates 1n a
predictive encoding method of motion vector in a second
embodiment.

FIG. 10 1s a flowchart showing an example of a predictive
decoding method of motion vector in the second embodi-
ment.

FIG. 11 1s a drawing showing an example configuration of
a video encoding program according to one embodiment.

FI1G. 12 1s a drawing showing an example configuration of
a video decoding program according to one embodiment.

FIG. 13 1s a drawing showing an example of a hardware
confliguration of a computer according to one embodiment.

FIG. 14 15 a perspective view showing an example of a
computer according to one embodiment.

DESCRIPTION OF EMBODIMENTS

FIGS. 1A and 1B are drawings to 1llustrate an example of
rectangular neighboring partitions used in the motion com-
pensated prediction. In FIG. 1A, the shape of target partition
BT 1s 1dentical to the shape of neighboring partitions BL,
BA, and BRA. The left-neighboring partition BL includes a
neighboring pixel existing on the left side of the top left
pixel 1n the target partition BT; the above-neighboring
partition BA includes a neighboring pixel existing above the
top left pixel 1n the target partition BT, the above-right-
neighboring partition BRA 1includes a neighboring pixel
existing above and on the right side of the top right pixel in
the target partition BT. A motion vector predictor having
median values of horizontal components and vertical com-
ponents ol motion vectors of the left-neighboring partition
BL, the above-neighboring partition BA, and the above-
right-neighboring partition BRA may be employed in some
examples, such as in H.264/AVC.

On the other hand, FIG. 1B illustrates an example where
there are a plurality of neighboring partitions having respec-
tive shapes different from the shape of the target partition
BT. The plurality of neighboring partitions i FIG. 1B
include neighboring partitions BLL1, BL2, BA1, BA2, BD,
and BE, 1n addition to the left-neighboring partition BL, the
above-neighboring partition BA, and the above-right-neigh-
boring partition BRA. The plurality of neighboring parti-
tions may be scanned 1n a predetermined spatial order to
specily a neighboring partition with the best spatial simi-
larity to a pixel signal of the target partition, and a motion
vector of the neighboring partition thus specified 1s used as
a motion vector predictor, such as, for example, as described
in PCT Application Laid-open No. 2010-5135399. The spatial
similarity to be used i1s the sum of absolute differences
(SAD) between the pixel signal of the target partition and the
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pixel signal of the neighboring partition, which 1s, for
example, similar to PCT Application Laid-open No. 2010-
515399.

In some examples, such as in PCT Application Laid-open
No. 2010-315399 spatial similarity can be calculated while
scanning the plurality of neighboring partitions 1n a prede-
termined order, which requires a considerable number of
calculations for determination of the motion vector predic-
tor. In the predictive coding system, on the other hand,
computational complexity, and correspondingly the number
of calculations are reduced.

FIG. 2 1s a drawing showing an example configuration of
a video encoding device according one embodiment of the
predictive coding system. The video encoding device 20
shown 1n FIG. 2 1s an example of a device that predictively
encodes a motion vector and may be a computing device or
computer, including for example software, hardware, or a
combination of hardware and software, as described later,
capable of performing the described functionality. The video
encoding device 20 may be one or more separate systems or
devices 1ncluded 1n the predictive coding system, or may be
combined with other systems or devices within the predic-
tive coding system. In other examples, fewer or additional
blocks may be used to illustrate the functionality of the video
encoding device 20.

A video sequence 1nput into the video encoding device 20
1s composed of a temporal sequence of frame pictures. A
frame picture signal targeted for encoding will be referred to
heremnafter as “current frame.” In the video encoding device
20, a current frame 1s divided into rectangular partitions of
variable size and the processing described below 1s carried
out in each of partition units.

The video encoding device 20 can use any one of an
inter-frame prediction mode and a plurality of intra-frame
prediction modes, switching the prediction mode for each
partition within the current frame. For example, the video
encoding device 20 selects a prediction mode with a high, or
optimized, encoding efliciency among the inter-frame pre-
diction mode and the intra-frame prediction modes, for each
partition. The “inter-frame prediction mode” as discussed
herein 1s a mode 1n which a motion vector 1s detected with
reference to a plurality of previously-encoded frame picture
signals (reference frame picture signals) that are different 1n
time from a frame picture signal, in order to perform
motion-compensated inter-frame prediction.

The “intra-frame prediction mode™ as discussed herein 1s
a mode 1n which spatial prediction 1s carried out using pixel
values of neighborhood regions previously encoded on the
same frame.

In the “inter-frame prediction mode,” respective pro-
cesses of motion detection, motion prediction, and motion
compensation are carried out for each of sub-partitions, for
example, obtained by further dividing a partition of NxN
pixels 1n an optional size (such as (IN/2) pixelsxN lines or
(N/4) pixelsx(N/4) lines).

As shown 1n the example of FIG. 2, the video encoding
device 20 can be provided with an input unit 201, a motion
detection unit 202, a motion vector predictor candidate
determination unit 203, a motion vector predictor determi-
nation unit 204, a motion vector difference unit 205, a
motion compensation unit 206, a memory 207, a spatial
prediction unit 208, a prediction method determination unit
209, a subtraction unit 210, a transform unit 211, a quanti-
zation unit 212, an entropy encoding unit 213, an inverse
quantization unit 214, an inverse transform unit 215, and an
addition unit 216. Each “unit” described herein, 1s hardware,
or a combination of hardware and software. For example,
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cach unit may include and/or 1nitiate execution of an appli-
cation specific integrated circuit (ASIC), a Field Program-
mable Gate Array (FPGA), a circuit, a digital logic circuit,
an analog circuit, a combination of discrete circuits, gates, or
any other type of hardware, or combination thereof. Accord-
ingly, as used herein, execution of a “unit” by a processor
can also refer to logic based processing by the umit that 1s
mitiated directly or indirectly by a processor to complete a
process or obtain a result. Alternatively or in addition, each
“unit” can include memory hardware, such as at least a
portion of a memory, for example, that includes nstructions
executable with a processor to implement one or more of the
features of the unit. When any one of the units includes
instructions stored in memory and executable with the
processor, the unit may or may not include the processor. In
some examples, each unit may include only memory storing
istructions executable with a processor to implement the
features of the corresponding unmit without the unit including
any other hardware. Because each unit includes at least some
hardware, even when the hardware includes software, each
unit may be interchangeably referred to as a hardware unait,
such as the input hardware unit 201, or the motion detection
hardware unit 202, for example.

The 1nput umt 201 receives an input video signal as a
video signal input from the outside and decomposes the
video signal into frame picture signals. The mput unit 201
outputs each frame picture signal through line .201a and
through line L2015 to the subtraction unit 210 and to the
motion detection unit 202.

The memory 207 1s a part that stores frame picture signals
having been encoded 1n the past, information (motion vec-
tors, reference picture list identifications, reference picture
identifications) and other data used 1n the prediction thereof.

The motion detection unit 202 performs detection of
motion vector. More specifically, the motion detection unit
202 searches a reference frame picture signal input via line
[.207a from the memory 207, for a picture signal pattern
similar to a picture signal pattern of a target partition 1n the
current frame mput via line L201a. The motion detection
unit 202 searches in a predetermined search range in the
reference frame. The motion detection unit 202 detects a
motion vector representing a spatial displacement quantity
between the target partition and the picture signal pattern
obtained by the search, and a reference picture list 1dentifi-
cation and a reference picture 1dentification for speciiying a
frame number of the reference frame used. The detected
motion vector, reference picture list identification, and red-
erence picture 1dentification are output via line L2024 to the
motion compensation unit 206 and via line 1.202¢ to the
motion vector difference unit 205. Furthermore, the motion
detection unit 202 outputs the detected reference picture list
identification and reference picture identification via line
[.2025 to the motion vector predictor candidate determina-
tion unit 203. In the video encoding device 20, frame
numbers to specily respective reference frame picture sig-
nals can be managed 1n the form of lists. A frame number 1s
speciflied using a reference picture list identification (Refer-
ence Picture List) to specily a list, and, a reference picture
identification (Reference Index) as an index of the frame
number 1n the list. This technology 1s well-known technol-
ogy 1in H.264/AVC and others.

The motion vector predictor candidate determination unit
203 determines motion vector predictor candidates using
motion vectors ol previously-encoded neighboring parti-
tions input via line L.2075. The details about the determi-
nation of motion vector predictor candidates will be
described later. The motion vector predictor candidate deter-
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mination unit 203 outputs the determined motion vector
predictor candidates via line L203 to the motion vector
predictor determination unit 204.

The motion vector predictor determination unit 204 deter-
mines an optimum motion vector predictor (motion vector
predictor values) from the motion vector predictor candi-
dates mput via line L.203. More specifically, the motion
vector predictor determination unit 204 determines a motion
vector predictor candidate with the smallest difference from
the motion vector of the target partition input via line L.202c¢,
as an optimum motion vector predictor MVPopt, out of the
motion vector predictor candidates. The determined opti-
mum motion vector predictor MVPopt 1s fed via line L.204aq
to the motion vector diflerence unit 205. Furthermore, the
number of motion vector predictor candidates and motion
vector predictor indication information to specily the opti-
mum motion vector predictor MVPopt out of the motion
vector predictor candidates are fed via line 1.2045 to the
entropy encoding unit 213.

In the present embodiment the motion vector predictor
candidate with the smallest difference from the motion
vector of the target partition i1s selected as the optimum
motion vector predictor MVPopt. Alternatively the motion
vector predictor determination unit 204 may select as the
optimum motion vector predictor MVPopt a motion vector
predictor candidate with the smallest number of bits
assigned to a calculated motion vector difference.

In the present embodiment the optimum motion vector
predictor 1s determined after the motion detection of the
target partition. Alternatively, the optimum motion vector
predictor may be detected before the motion detection.
Specifically, as indicated by the formula (1) below, the
optimum motion vector predictor may be calculated based
on the sum of absolute diflerences (SADpmv) between the
predicted picture signal 1n execution of the motion compen-
sation using each of the actually-calculated motion vector
predictor candidates, and the target picture signal and a cost
function using the bit count (Rpmv) in encoding of the
motion vector predictor candidate and A as a weight for the
bit count. In this case, the picture signal of the target
partition 1s input through line L201q¢ and each reference
frame picture signal 1s input through line L.207a to the
motion vector predictor determination unit 204 1n FIG. 2.

Cost,,,,,,=SAD,,,, +AR

PPrRY

(1)

The motion vector difference unit 205 calculates motion
vector diflerence values which are difference information
between the motion vector input via line L.202¢ and the
optimum motion vector predictor input via line L.204a. The
motion vector difference umt 205 transmits a signal 1nclud-
ing the calculated motion vector difference values, and the
reference picture list i1dentification and reference picture
identification, as prediction information via line L205a to
the entropy encoding unit 213. Furthermore, the motion
vector difference unit 205 transmits a signal including the
motion vector, and the reference picture list 1dentification
and reference picture i1dentification, via line L2055 to the
memory 207.

The motion compensation unit 206 generates a predicted
picture signal of the target partition, referring to the refer-
ence frame picture signal of the frame number specified by
the reference picture list identification and the reference
picture 1dentification received from the motion detection
umt 202 and using the motion vector received from the
motion detection unit 202. This predicted picture signal 1s
output to the prediction method determination unit 209.
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The spatial prediction unit 208 generates a predicted
picture signal, referring to picture signals (reference frame
picture signals) of previously-encoded neighboring regions
input via line L207a. The spatial prediction unit 208 outputs
the generated predicted picture signal to the prediction
method determination unit 209.

The prediction method determination unit 209 compares
the predicted picture signals received from the motion
compensation unit 206 and the spatial prediction unit 208, to
select etther one of the predicted picture signals, and outputs
the selected predicted picture signal to the subtraction unit
210. The prediction method determination unit 209 outputs
prediction mode information indicative of a prediction
method used for the generation of the selected predicted
picture signal, via line L2095 to the entropy encoding unit
213.

The subtraction unit 210 generates a diflerence value
(prediction residual signal) between the frame picture signal
mput via line L2015 and the predicted picture signal mput
via line [.209a and outputs the prediction residual signal to
the transform unit 211.

The transform unit 211 performs a transform, such as an
orthogonal transform, of the prediction residual signal input
via line L1210, to generate transform coeflicients, such as
orthogonal transform coethlicients, and outputs the orthogo-
nal transform coeflicients to the quantization unit 212. The
quantization unit 212 quantizes the orthogonal transiorm
coeflicients mput via line L211, to generate quantized
orthogonal transform coeflicients, and transmits the quan-
tized orthogonal transform coeflicients to the entropy encod-
ing unit 213 and the inverse quantization unit 212.

The entropy encoding umt 213 performs entropy encod-
ing ol the quantized orthogonal transform coetlicients mput
via line L1212, the prediction mode information recerved
from the prediction method determination unit 209, the
prediction information transmitted from the motion vector
difference unit 205, and the motion vector predictor indica-
tion information output from the motion vector predictor
determination unit 204, multiplexes generated encoded data
into a compressed stream, and transmits the compressed
stream to the outside.

The 1nverse quantization unit 214 performs inverse quan-
tization of the quantized orthogonal transform coeflicients
input via line L212, to generate orthogonal transform coet-
ficients, and transmits the orthogonal transform coeflicients
to the inverse orthogonal transform umt 215. Then the
inverse orthogonal transform unit 215 applies an inverse
orthogonal transform to the orthogonal transform coefli-
cients input via line 1.214, to generate a prediction residual
signal, and transmits the prediction residual signal to the
addition unit 216.

The addition unit 216 performs addition of the prediction
residual signal mput via line 1215 and the predicted picture
signal mput via line L209q, to generate a frame picture
signal, and transmits the frame picture signal to the memory
207. This frame picture signal 1s stored in the memory 207
and 1s used as a reference frame picture signal in the
subsequent encoding process. In the memory 207, the
motion vector, the reference picture list identification, the
reference picture 1dentification, etc. mput via line L2055 are
also stored 1n association with the reference frame picture
signal.

Next, one embodiment of a predictive encoding method
of motion vector applicable 1n the video encoding device 20
will be described below.

First, partitions adjacent to a target partition will be
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and BL2 are partitions 1in contact with a left boundary of the
target partition BT. Partition BD 1s a partition including
neighboring pixels existing below and on the lett side of the
bottom left pixel 1n the target region BT. Partition BE 1s a
partition including neighboring pixels existing above and on
the left side of the top left pixel in the target partition BT.
Partitions BA, BA1, and BA2 are partitions 1n contact with
an upper boundary of the target partition B'T. Partition BRA
1s a partition including neighboring pixels existing above
and on the right side of the top right pixel in the target
partition BT. The partitions neighboring the target partition
may be partitions of the same size as the target partition BT,
as shown in FIG. 1A.

Next, reference 1s made to the example of FIG. 3. FIG. 3
1s a tlowchart showing one embodiment of the predictive
encoding method of motion vector performed by the pre-
dictive coding system. As shown in FIG. 3, 1n the predictive
encoding method of motion vector according to the embodi-
ment, first, the reference picture list identification and ref-
erence picture 1dentification are input into the motion vector
predictor candidate determination unit 203 (step S301).

Next, the motion vector predictor candidate determination
umt 203 determines a motion vector predictor candidate
MVP1 from a motion vector or motion vectors of one or
more partitions included in the left-neighboring region
located to the left of the target partition BT (step S302). The
details about the determination method of the motion vector
predictor candidate MVP1 will be described later.

Next, the motion vector predictor candidate determination
umt 203 determines a motion vector predictor candidate
MVP2 from a motion vector or motion vectors of one or
more partitions included in the above-neighboring region
located above the target partition BT (step S303). The details
about the determination method of the motion vector pre-
dictor candidate MVP2 will be described later.

Next, the motion vector predictor candidate determination
umt 203 determines a motion vector predictor candidate
MVP3 (step S304). In the present embodiment, a motion
vector of a partition existing in the reference frame and at a
position substantially spatially identical to the target parti-
tion 1s determined as the motion vector predictor candidate
MVP3.

The motion vector predictor candidate MVP3 may be a
motion vector ol another partition spatially adjacent to the
target partition, instead of the motion vector of the partition
at the same position as the target partition 1n the reference
frame. It 1s also possible to use average values or the like
calculated based on the motion vector predictor candidate
MVP1 and the motion vector predictor candidate MVP2, as
the motion vector predictor candidate MVP3.

The number of motion vector predictor candidates may be
three or more. In this case, a plurality of motion vector
predictor candidates may be determined by different meth-
ods from each of the left-neighboring region and the above-
neighboring region. More specifically, a plurality of motion
vector predictor candidates may be determined by searching
partitions of each of the regions i a plurality of different
scan directions, 1n each of the left-neighboring region and
the above-neighboring region. It 1s also possible to use a
motion vector of another neighboring region as a motion
vector predictor candidate.

Referring back to FIG. 3, the motion vector predictor
candidate determination unit 203 then determines only non-
identical motion vector predictor candidates from among the
motion vector predictor candidate MVP1, the motion vector
predictor candidate MVP2, and the motion vector predictor
candidate MVP3, as final motion vector predictor candidates
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(step S305). As a specific example, where the motion vector
predictor candidate MVP1 1s 1dentical to the motion vector
predictor candidate MVP3, only MVP1 and MVP2 are
selected as motion vector predictor candidates. If there 1s no
motion vector predictor candidates determined to satisty the
conditions 1n steps S302 to S304, a zero motion vector 1s
defined as a motion vector predictor candidate.

Then the motion vector predictor determination unit 204
etermines the optimum motion vector predictor, as
escribed above, out of the motion vector predictor candi-
ates determined by the motion vector predictor candidate
etermination unit 203 (step S306).

Then the encoding unit 213 encodes the motion vector
predictor indication information to specity which motion
vector predictor candidate 1s the optimum motion vector
predictor (step S307).

In one embodiment, the motion vector predictor indica-
tion 1information can be encoded into encoded data of a bit
count according to the number of motion vector predictor
candidates selected by the motion vector predictor determi-
nation unit 204. For example, when the number of motion
vector predictor candidates 1s a first predetermined number,
such as 0 or 1, the motion vector predictor indication
information 1s neither encoded nor transmitted. When the
number of motion vector predictor candidates 1s a second
predetermined number, such as 2 or 3, the motion vector
predictor indication information 1s encoded in two bits at
most.

The motion vector predictor indication information may
be encoded based on an encoding table, such as a fixed
encoding table 1rrespective of the number of motion vector
predictor candidates. In this case, the motion vector predic-
tor indication information may be encoded using an example
encoding table below.
<Table 1. Encoding Table>
Bit value Optimum motion vector predictor
0 motion vector predictor candidate 1 (MVP1)

10 motion vector predictor candidate 2 (MVP2)
11 motion vector predictor candidate 3 (MVP3)

In one embodiment, the order 1n which the motion vector
predictor candidate MVP1, the motion vector predictor
candidate MVP2, and the motion vector predictor candidate
MVP3 are determined may be changed. For example, a
process may be used 1n which the target partition 1s divided
into a plurality of sub-partitions and the encoding process 1s
carried out for each of the sub-partitions. Specifically, when
the target partition 1s divided into upper and lower sub-
partitions, and the lower sub-partition can be used as a target
partition, or when the target partition 1s divided into left and
right sub-partitions, and the left sub-partition can be used as
a target partition,—the motion vector predictor candidates
can be determined 1n an order of the left-neighboring region,
the above-neighboring region, and another region (such as a
partition in a reference frame at the same position as the
target partition). On the other hand, when the target partition
1s divided into upper and lower sub-partitions, and the upper
sub-partition can be used as a target partition, or the target
partition 1s divided into left and right sub-partitions, and the
right sub-partition can be used as a target partition, the
motion vector predictor candidates can be determined 1n an
order of the above-neighboring region, the left-neighboring
region, and another region (such as a partition in a reference
frame at the same position as the target partition), for these
target partitions.

A first embodiment of the determination process of
motion vector predictor candidate according to one embodi-
ment will be described below 1n detail. First, the first
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embodiment of the process of step S302 in FIG. 3 will be
described with reference to the examples of FIGS. 1B, 4, and
5. It 1s assumed herein, as shown 1n FIG. 1B, that the
left-neighboring region 1s composed of the below-left-
neighboring partition BD to the target partition and the
left-neighboring partitions BL, BLL1, and BL2 to the target
partition. It 1s also assumed that the partitions in the left-
neighboring region are scanned in increasing order of index
1 shown 1 (a) of FIG. 4. Namely, the partitions in the
left-neighboring region are assumed to be scanned 1n order
from bottom to top.

The below-left-neighboring partition BD may be
excluded from the left-neighboring region. Furthermore, a
partition further below the below left-neighboring partition
BD may be included 1n the left-neighboring region. Further-
more, the partition BE or a partition located above the
partition BE may be included 1n the left-neighboring region.
Furthermore, a partition located on the left side of the target
partition and at a predetermined distance from the target
partition may be included 1n the left-neighboring region.

Referring back to (a) of FIG. 4 and FIG. 5, in the process
of step S302, first, the motion vector predictor candidate
determination unit 203 sets 0 1 index 1 (step S301). The
motion vector predictor candidate determination unit 203
increases the index 1 by an increment of 1 1n the subsequent
step S502.

Next, the motion vector predictor candidate determination
unmt 203 determines whether there 1s the 1-th partition in the
scan order 1n the left-neighboring region and whether the
partition has a motion vector (step S503). If there 1s the 1-th
partition in the left-neighboring region and 1if the partition
has a motion vector, the motion vector predictor candidate
determination unit 203 determines, 1n the subsequent step
S504, whether the 1-th partition and the target partition have
the same reference picture list identification and reference
picture 1dentification. When the determination condition in
step S504 1s satisfied, the motion vector predictor candidate
determination unit 203 determines the motion vector of the
1-th partition as motion vector predictor candidate MVP1 1n
the subsequent step S505 and then outputs the motion vector
predictor candidate MVP1 1n the subsequent step S506,
followed by termination of processing.

On the other hand, when the determination condition in
step S503 1s not satisfied or when the determination condi-
tion 1n step S504 1s not satisfied, the processing transiers to
step S507. In step S507, the motion vector predictor candi-
date determination unit 203 determines whether the index 1
1s over the number N of partitions 1n the left-neighboring
region. When the determination condition 1n step S507 1s not
satisfied, the motion vector predictor candidate determina-
tion unit 203 carries on the processing from step S502. On
the other hand, when the determination condition 1n step
S507 1s satisfied, the motion vector predictor candidate
determination unit 203 terminates the processing.

The partitions 1n the left-neighboring region are scanned
in order from the bottom of the left-neighboring region 1n the
embodiment shown 1n (a) of FIG. 4, but 1n one embodiment,
as shown 1n (¢) of FIG. 4, they may be scanned 1n order from
the top of the left-neighboring region.

In another embodiment, either of the scan order shown 1n
(a) of FIG. 4 and the scan order shown 1n (¢) of FIG. 4 may
be adaptively selected. For example, the scan order may be
determined based on a relation of motion vectors of neigh-
boring partitions. Specifically, 1t 1s possible to adopt a
method of comparing an absolute difference a between the
motion vector of the partition BL and the motion vector of
the partition BA with an absolute difference p between the
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motion vector of the partition BRA and the motion vector of
the partition BD 1n FIG. 1B, and selecting the scan order in
(¢) of FIG. 4 11 the absolute difference o 1s smaller than the
absolute difference . In the opposite case, on the other hand,
the scan order i (a) of FIG. 4 may be selected.

In an embodiment, step S502 may be configured to
increase the index 1 by an increment of two or more, thereby
decimating the partitions to be scanned.

The first embodiment of the process of step S303 1n FIG.
3 will be described below in detail with reference to the
examples of FIGS. 1B, 4, and 6. It 1s assumed herein, as
shown 1n FIG. 1B, that the above-neighboring region 1s
composed of the above-left-neighboring partition BE to the
target partition and the above-neighboring partition BA,
BA1, and BA2 to the target partition. It 1s also assumed that
the partitions in the above-neighboring region are scanned in
increasing order of index j shown 1n (a) of FIG. 4. Namely,
the partitions 1n the above-neighboring region are assumed
to be scanned 1n order from right to left.

The above-left-neighboring partition BE may be excluded
from the above-neighboring region. Furthermore, a partition
turther left to the above-left-neighboring partition BE may
be included 1n the above-neighboring region. Furthermore, a
partition located above the target partition and at a prede-
termined distance from the target partition may be included
in the above-neighboring region.

Referring back to (a) of FIG. 4 and FIG. 6, 1n the process
of step S303, first, the motion vector predictor candidate
determination unit 203 sets O in the mndex 7 (step S601). The
motion vector predictor candidate determination unit 203
increases the index 1 by an increment of 1 1n the subsequent
step 5602.

Next, the motion vector predictor candidate determination
unit 203 determines whether there is the j-th partition 1n the
scan order 1n the above-neighboring region and whether the
partition has a motion vector (step S603). When there is the
1-th partition in the above-neighboring region and when the
partition has a motion vector, the motion vector predictor
candidate determination unit 203 determines, 1n the subse-
quent step S604, whether the j-th partition and the target
partition have the same reference picture list identification
and reference picture 1identification. When the determination
condition 1n step S604 1s satisfied, the motion vector pre-
dictor candidate determination unit 203 determines, in the
subsequent step S605, whether the motion vector of the j-th
partition 1s 1dentical to the motion vector predictor candidate
MVP1. When the motion vector of the j-th partition 1is
different from the motion vector predictor candidate MV P1,
the motion vector predictor candidate determination unit 203
determines in the subsequent step S606 that the motion
vector of the j-th partition 1s the motion vector predictor
candidate MVP2, and then outputs the motion vector pre-
dictor candidate MVP2 1n the subsequent step S607, fol-
lowed by termination of processing.

On the other hand, when the determination condition 1n
step S603 1s not satisfied, when the determination condition
in step S604 1s not satisfied, or when the determination
condition 1n step S605 1s satisfied, the processing transiers
to step S608.

In step S608, the motion vector predictor candidate deter-
mination unit 203 determines whether the index 1 1s over the
number M of partitions in the above-neighboring region.
When the determination condition 1 step S608 i1s not
satisiied, the motion vector predictor candidate determina-
tion unit 203 carries on the processing from step S602. On
the other hand, when the determination condition 1n step
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S608 1s satisfied, the motion vector predictor candidate
determination unit 203 terminates the processing.

The partitions 1 the above-neighboring region are
scanned 1n order from right to left in the embodiment shown
in (a) of FIG. 4, but the partitions may be scanned 1n order
from left to right, as shown 1 (¢) of FIG. 4, 1n one
embodiment.

In another embodiment, either of the scan order shown 1n
the example (a) of FIG. 4 or the scan order shown in the
example (c¢) of FIG. 4 may be adaptively selected. For
example, the scan order may be determined based on a
relation of motion vectors of neighboring partitions. Spe-
cifically, 1t 1s possible to adopt a method of comparing an
absolute difference o between the motion vector of the
partition BL and the motion vector of the partition BA with
an absolute difference [ between the motion vector of the
partition BRA and the motion vector of the partition BD 1n
FIG. 1B, and selecting the scan order 1n (c¢) of FIG. 4 if the
absolute difference a 1s smaller than the absolute difference
3. In the opposite case, on the other hand, the scan order in
(a) of FIG. 4 may be selected.

The partition BE 1s included in the above-neighboring
region 1n the above-described embodiment, but the partition
BE may be included 1n the left-neighboring region. It 1s also
possible to define the partition BE as a region independent
of the above-neighboring region and the left-neighboring
region, and treat the motion vector of the partition BE as
another motion vector predictor candidate.

The foregoing embodiment employs both of the reference
picture list 1dentification and the reference picture i1dentifi-
cation as a determination condition for selecting the motion
vector of the partition 1n the neighboring region as a motion
vector predictor candidate, but the predictive coding system
1s not limited to this. For example, either of the reference
picture list identification or the reference picture 1dentifica-
tion may be used for the determination condition. When the
reference picture identification 1s not used, scaling of motion
vectors ol partitions 1n the neighboring region may be
implemented according to a distance between the reference
frame and the target frame. It 1s also possible to use
information of another intra-frame prediction. Specifically,
the size of the target partition and the sizes of the neigh-
boring partitions may be added as one 1n the aforementioned
determination condition. Specifically, when the size of the
target partition 1s NxN pixels, a determination condition
may be that the size of a partition 1n the neighboring region
1s NxN pixels, or a determination condition may be that the
s1ze of a partition 1s from N/2xN/2 pixels to 2Nx2N pixels.

In the foregoing embodiment the calculation of the
motion vector predictor candidate MVP2 in the above-
neighboring region 1s performed aiter the calculation of the
motion vector predictor candidate MVP1 1n the left-neigh-
boring region, but the predictive coding system 1s not limited
to this. The motion vector predictor candidate MVP2 1n the
above-neighboring region may be determined prior to the
determination of the motion vector predictor candidate
MVP1 1n the left-neighboring region. In this case, a process
ol determining whether a motion vector of a partition in the
left-neighboring region 1s identical to the motion vector
predictor candidate MVP2 1n the above-neighboring region
can be carried out in the process of determining the motion
vector predictor candidate MVP1 1n the left-neighboring
region.

In the above embodiment 1t 1s determined 1n step S605,
whether the motion vector of the j-th partition 1n the above-
neighboring region 1s 1dentical to the motion vector predic-
tor candidate MVP1 1n the left-neighboring region, but this
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determination may be omitted. In this case, the process of
step S606 can be directly performed when the determination
condition 1n step S604 1s satisiied.

In one embodiment, the step S602 may be configured to
increase the index 1 by an increment of two or more, thereby
decimating the partitions to be scanned.

The below will describe a video decoding device which
decodes a compressed stream generated by the video encod-
ing device 20, to restore a video sequence. FIG. 7 1s a
drawing showing an example configuration of the video
decoding device according to one embodiment. The video
decoding device 30 shown 1n FIG. 7 1s an example of a
device that predictively decodes a motion vector. video
decoding device 30 may be a computing device or computer,
including for example software, hardware, or a combination
of hardware and software, as described later, capable of
performing the described functionality. The video decoding
device 30 may be one or more separate systems or devices
included 1n the predictive coding system, or may be com-
bined with other systems or devices within the predictive
coding system. In other examples, fewer or additional blocks
may be used to illustrate the functionality of the video
decoding device 30.

As shown 1n FIG. 7, the video decoding device 30 can be
provided with an entropy decoding unit 301, a motion vector
predictor candidate determination unit 302, a motion vector
predictor determination unit 303, a motion vector addition
unit 304, a motion compensation unit 303, a frame memory
306, a spatial prediction unit 307, a prediction method
determination unit 308, an inverse quantization unit 309, an
inverse orthogonal transform unit 310, and an addition unit
311.

The entropy decoding umt 301 receives a compressed
stream, then detects a synchronization word indicative of the
beginning of each frame in the compressed stream, and
thereatter restores the prediction mode information and the
quantized orthogonal transform coetlicients from encoded
data 1n the compressed stream, in each of divided partition
units. When the prediction mode specified by the prediction
mode iformation 1s “inter-frame prediction mode,” the
entropy decoding unit 301 decodes the encoded data 1n the
compressed stream to also restore the motion vector difler-
ence, reference picture list identification, and reference
picture identification.

The entropy decoding unit 301 transmits the restored
quantized orthogonal transform coethicients via line L.301a
to the 1inverse quantization unit 309. The entropy decoding,
unit 301 transmits the prediction mode information, the
reference picture list identification, and the reference picture
identification via line L3015 to the motion vector predictor
candidate determination unit 302. Furthermore, the entropy
decoding unit 301 transmits the restored motion vector
difference via line L.301d to the motion vector addition unit
304. The entropy decoding unit 301 transmits the restored
prediction mode information via line L.301e to the prediction
method determination unit 308.

When the prediction mode specified by the received
prediction mode information 1s “inter-frame prediction
mode,” the motion vector predictor candidate determination
unit 302 determines motion vector predictor candidates from
motion vectors ol previously-decoded neighboring parti-
tions. Since the processing about the determination of
motion vector predictor candidates carried out by the motion
vector predictor candidate determination unit 302 is the
same as the processing described above as to the motion
vector predictor candidate determination unit 203, the
description thereof 1s omitted heremn. This motion vector
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predictor candidate determination unit 302 outputs the deter-
mined motion vector predictor candidates via line L3025 to
the motion vector predictor determination unit 303. Further-
more, the motion vector predictor candidate determination
umt 302 outputs the number of motion vector predictor
candidates via line L.302q to the entropy decoding unit 301.

The entropy decoding unit 301, when receiving the num-
ber of motion vector predictor candidates via line L.302a,
decodes the encoded data 1n the compressed stream accord-
ing to the number of motion vector predictor candidates, to
restore the motion vector predictor indication information.
The entropy decoding unit 301 transmits the restored motion
vector predictor indication imnformation to the motion vector
predictor determination unit 303. For example, when the
number of motion vector predictor candidates 1s 0 or 1, no
motion vector predictor indication information 1s transmit-
ted and therefore the restoring process 1s not carried out.
When the number of motion vector predictor candidates 1s 2
or 3, the encoded data of two bits at most 1s entropy-decoded
to restore the motion vector predictor indication informa-
tion.

The entropy decoding unit 301 1s configured to restore the
motion vector predictor indication information by decoding
the encoded data according to the number of motion vector
predictor candidates selected by the motion vector predictor
candidate determination unit 302, but the predictive coding
system 1s not limited to this. For example, the motion vector
predictor indication information may be restored using the
fixed encoding table of Table 1 described above, indepen-
dent of the number of motion vector predictor candidates. It
should be noted that the setting of the fixed encoding table
1s not limited to this example. The motion vector predictor
indication mnformation may be restored prior to the calcu-
lation of motion vector predictor candidates.

The motion vector predictor determination unit 303 deter-
mines the optimum motion vector predictor (MVPopt) on
the basis of the motion vector predictor indication informa-
tion input via line L.301¢, out of the motion vector predictor
candidates input via line 1.3025. The determined optimum
motion vector predictor (MVPopt) 1s transmitted via line
[.303 to the motion vector addition unit 304.

The motion vector addition unit 304 performs addition of
the motion vector difference transmitted from the entropy
decoding unit 301 and the optimum motion vector predictor
(MVPopt) transmitted from the motion vector predictor
determination unit 303, to restore the motion vector. The
motion vector addition umt 304 transmits a signal including
the restored motion vector via line L304 to the motion
compensation unit 303.

The motion compensation unit 305 selects the reference
frame picture signal in the memory 306 on the basis of the
motion vector transmitted from the motion vector addition
unit 304 and the prediction mode information, the reference
picture list identification, and the reference picture identifi-
cation transmitted via line L3014 from the entropy decoding
umt 301, and generates a predicted picture signal, using the
selected reference frame picture signal. The motion com-
pensation unit 305 transmits the predicted picture signal via
line LL305a to the prediction method determination unit 308.
Furthermore, the motion compensation unit 305 outputs the
prediction mode information, reference picture list identifi-
cation, and reference picture identification used in genera-
tion of the predicted picture signal via line L3055 to the
frame memory 306. There are the previously-decoded frame
picture signals, prediction mode information, reference pic-
ture list 1dentifications, and reference picture identifications
stored 1n the memory 306.
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When the prediction mode specified by the prediction
mode information mput via line L30le 1s “intra-frame
prediction mode,” the spatial prediction umt 307 generates
a predicted picture signal with reference to the picture
signals (reference Iframe picture signals) of previously-
decoded neighboring partitions and transmits the predicted
picture signal to the prediction method determination unit
308.

The prediction method determination unit 308 selects
either of the predicted picture signal generated by the
inter-frame prediction or the predicted picture signal gener-
ated by the intra-frame prediction, based on the prediction
mode transmitted from the entropy decoding unit 301, and
transmits the selected predicted picture signal via line L308
to the addition unit 311.

The 1nverse quantization unit 309 performs inverse quan-
tization of the quantized orthogonal transform coeflicients
transmitted from the entropy decoding unit 301, to restore
orthogonal transform coetlicients. The mverse quantization
unit 309 transmits the restored orthogonal transform coet-
ficients via line L.309 to the mverse orthogonal transform
unit 310.

The inverse orthogonal transform unit 310 applies an
inverse orthogonal transform to the recerved orthogonal
transform coeflicients to restore a prediction residual signal.
The inverse orthogonal transform unit 310 transmits the
restored prediction residual signal via line L310 to the
addition unit 311.

The addition unit 311 performs addition of the predicted
picture signal transmitted from the prediction method deter-
mination unit 308 and the prediction residual signal trans-
mitted from the iverse orthogonal transform unit 310, to
restore a frame picture signal.

The restored frame picture signal i1s output at predeter-
mined display timing to a display device (not shown),
whereby the mput video signal (dynamic image signal) can
be reproduced. Since the frame picture signal 1s used 1n the
subsequent decoding process, it 1s stored as a reference
frame picture signal into the memory 306. The frame picture
signal herein can be the same value as the frame picture
signal with the same number 1n the video encoding device
20. The information about the motion vector and the refer-
ence frame number 1s also simultaneously stored in asso-
ciation with the reference frame picture signal.

Next, one embodiment of a predictive decoding method
of motion vectors used 1n the video decoding device 30 will
be described below with reference to FIG. 8. FIG. 8 1s a
flowchart showing an example embodiment of the predictive
decoding method of motion vectors.

In the predictive decoding method of motion vector
predictors according to one embodiment, as shown in the
example of FIG. 8, the reference picture list identification
and reference picture identification are first mput into the
motion vector predictor candidate determination unit 302
(step S801).

Next, the motion vector predictor candidate determination
unit 302 determines a motion vector predictor candidate,
MVP1, from a motion vector or motion vectors of one or
more partitions included 1n a left-neighboring region located
to the lelt of a target partition BT (step S302).

Next, the motion vector predictor candidate determination
unit 302 determines a motion vector predictor candidate,
MVP2, from a motion vector or motion vectors of one or
more partitions included in the above-neighboring region
located above the target partition BT (step S303).

Next, the motion vector predictor candidate determination
unit 302 determines a motion vector predictor candidate
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MVP3 (step S304). The processes of steps S302 to S304 1n
FIG. 8 are the same as the processes of steps S302 to S304
in FIG. 3.

In step S803, the motion vector predictor candidate deter-
mination unit 302 then defines as motion vector predictor
candidates only non-identical motion vector predictor can-
didates from among the motion vector predictor candidate
MVP1, the motion vector predictor candidate MVP2, and
the motion vector predictor candidate MVP3. As a specific
example, where the motion vector predictor candidate
MVP1 1s identical to the motion vector predictor candidate
MVP3, only the motion vector predictor candidate MVP1
and the motion vector predictor candidate MVP2 are
selected as motion vector predictor candidates. When the
processing up to step S805 results 1n determining no etlec-
tive motion vector predictor candidates, a zero motion
vector 1s defined as a motion vector predictor candidate.

In step S806, as described above, the decoding unit 301
restores the motion vector predictor indication information
on the basis of the number of motion vector predictor
candidates. Next, in step S807, the motion vector predictor
determination unit 303 selects the optimum motion vector
predictor out of the motion vector predictor candidates,
based on the motion vector predictor indication information.

Next, a second embodiment of the predictive encoding
method of motion vectors will be described below. FIG. 9 1s
a flowchart showing an example of the determination pro-
cess of motion vector predictor candidates 1n the predictive
encoding method of motion vectors in the second embodi-
ment. In the predictive encoding method of motion vectors
according to the second embodiment, the flow shown 1n
FIG. 9 1s used instead of steps S302 to S304 1n FIG. 3.

In the present embodiment, 1n step S901 the motion vector
predictor candidate determination unit 203 first scans the
partitions 1n the left-neighboring region located to the left of
the target partition in a downward direction to determine a
motion vector predictor candidate MVPa from the motion
vectors of these partitions. In step S901, the motion vector
predictor candidate determination unit 203 can detect the
motion vector predictor candidate MVPa by carrying out the
determination method of the motion vector predictor candi-
date MVP1 (step S302) described in the first embodiment,
according to the scan order of the left-neighboring region
shown 1n (¢) of FIG. 4. For determining the motion vector
predictor candidate MVPa, the motion vector predictor
candidate determination unit 203 can use the input reference
picture list identification and reference picture 1dentification,
as in the first embodiment.

Next, 1n step S902 the motion vector predictor candidate
determination unit 203 scans the partitions 1n a left-neigh-
boring region located to the leit of the target partition 1n an
upward direction to determine a motion vector predictor
candidate MVPb from the motion vectors of these partitions.
In step S902, the motion vector predictor candidate deter-
mination unit 203 can detect the motion vector predictor
candidate MVPb by carrying out the determination method
of the motion vector predictor candidate MVP1 (step S302)
described 1n the first embodiment, according to the scan
order of the left-neighboring region shown 1n (a) of FIG. 4.
For determining the motion vector predictor candidate
MV Pb, the motion vector predictor candidate determination
unmit 203 can use the reference picture list identification and
reference picture 1dentification.

Next, 1n step S903 the motion vector predictor candidate
determination unit 203 selects a motion vector predictor
candidate MVPX 1n the left-neighboring region from the
motion vector predictor candidate MVPa and the motion
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vector predictor candidate MVPb. Furthermore, the motion
vector predictor candidate determination unit 203 generates
scan direction indication miformation indicative of a scan
direction X used for determination of the selected motion
vector predictor candidate. Specifically, the motion vector
predictor candidate determination unit 203 determines as the
motion vector predictor candidate MVPX, a motion vector
predictor candidate with the smallest error from the motion
vector predictor of the target partition, out of motion vector
predictor candidate MVPa and motion vector predictor
candidate MVPb. Furthermore, when the motion vector
predictor candidate MVPa 1s selected as the motion vector
predictor candidate MVPX, the motion vector predictor
candidate determination unit 203 generates the scan direc-
tion 1ndication information indicative of a direction such as
the downward direction; whereas when the motion vector
predictor candidate MVPb 1s selected, it generates the scan
direction indication information indicative of another direc-
tion such as the upward direction.

Next, 1 step S904 the motion vector predictor candidate
determination unit 203 scans the partitions 1n the above-
neighboring region to the target partition in a rightward
direction to determine a motion vector predictor candidate
MVPc¢ from the motion vectors of these partitions. In step
S904 the motion vector predictor candidate determination
unit 203 can detect the motion vector predictor candidate
MVPc by carrying out the determination method of the
motion vector predictor candidate MVP2 (step S303)
described 1n the first embodiment, according to the scan
order of the above-neighboring region shown 1n (¢) of FIG.
4. For determining the motion vector predictor candidate
MV Pc, the motion vector predictor candidate determination
unit 203 can use the mput reference picture list identification
and reference picture identification, as i the first embodi-
ment.

Next, 1 step S905 the motion vector predictor candidate
determination unit 203 scans the partitions 1n the above-
neighboring region to the target partition 1 a leftward
direction to determine a motion vector predictor candidate
MVPd from motion vectors of these partitions. In step S905,
the motion vector predictor candidate determination unit 203
can detect the motion vector predictor candidate MVPd by
carrying out the determination method (step S303) of the
motion vector predictor candidate MVP2 described 1n the
first embodiment, according to the scan order of the above-
neighboring region shown 1n (a) of FIG. 4. For determinming,
the motion vector predictor candidate MVPd, the motion
vector predictor candidate determination unit 203 can also
use the reference picture list identification and reference
picture identification.

Next, 1 step S906 the motion vector predictor candidate
determination umt 203 selects a motion vector predictor
candidate MVPY 1n the above-neighboring region from the
motion vector predictor candidate MVPc and the motion
vector predictor candidate MVPd. The motion vector pre-
dictor candidate determination unit 203 generates the scan
direction indication information indicative of the scan direc-
tion Y used for determination of the selected motion vector
predictor candidate. For example, the motion vector predic-
tor candidate determination unit 203 can determine a motion
vector predictor candidate with the smallest error from the
motion vector predictor of the target partition, out of the
motion vector predictor candidate MVPc and the motion
vector predictor candidate MVPd, as the motion vector
predictor candidate MVPY. When the motion vector predic-
tor candidate MVPc 1s selected as the motion vector pre-
dictor candidate MVPY, the motion vector predictor candi-
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date determination unit 203 generates the scan direction
indication information indicative of the rightward direction;
when the motion vector predictor candidate MVPd 1s
selected, 1t generates the scan direction indication informa-
tion 1ndicative of the leftward direction.

Next, 1n step S907 the motion vector predictor candidate
determination unit 203 acquires a motion vector predictor
candidate MVPZ of a partition 1n a reference frame at a
position spatially identical to the target partition, 1in the same
manner as the process of step S304. The process 1n this step
S907 may be the same as the aforementioned modification
form of the process of step S304 1n the first embodiment.

Next, 1 step S908 the motion vector predictor candidate
determination unit 203 defines only non-identical motion
vector predictor candidates out of the motion vector predic-
tor candidate MVPX, the motion vector predictor candidate
MVPY, and the motion vector predictor candidate MVPZ, as
motion vector predictor candidates. Then the motion vector
predictor candidate determination unit 203 outputs the
motion vector predictor candidates, the number of motion
vector predictor candidates, and the scan direction indication
information. As a specific example, where the motion vector
predictor candidate MVPX 1s 1dentical to the motion vector
predictor candidate MVPZ, only the motion vector predictor
candidate MVPX and the motion vector predictor candidate
MVPY are selected as motion vector predictor candidates. If
no effective motion vector predictor candidate 1s determined
in steps S901 to S907, a zero motion vector 1s defined as a
motion vector predictor candidate.

Thereaftter, the same processing as 1n step S306 in the first
embodiment 1s carried out i the second embodiment.
Finally, 1n step S307 the encoding unit 213 encodes the
motion vector predictor indication information to specily
which motion vector predictor candidate 1s the optimum
motion vector predictor. In the second embodiment the
encoding unit 213 also encodes the scan direction indication
information in step S307.

In the second embodiment, the partitions constituting the
left-neighboring region and the partitions constituting the
above-neighboring region may be modified as described
above 1n the first embodiment. The number of motion vector
predictors may also be changed as described above 1n the
first embodiment. As described above 1n the first embodi-
ment, the determination order of the motion vector predictor
candidates MVPX, MVPY, and MVPZ may be changed
based on the mode of division of the target partition into
sub-partitions and the positions of the sub-partitions.

A predictive decoding method of motion vectors accord-
ing to the second embodiment will be described below. FIG.
10 1s a flowchart showing an example of the predictive
decoding method of motion vectors according to the second
embodiment. The predictive decoding method shown 1n
FIG. 10 1s a method of predicting a motion vector from
encoded data generated by the predictive encoding method
ol motion vectors according to the second embodiment.

In the present embodiment, as shown 1n FIG. 10, in step
S1001 the motion vector predictor candidate determination
umt 302 first receives input of the restored reference picture
list 1dentification, reference picture identification, and scan
direction indication information (scan direction X, scan
direction Y).

Next, 1n step S1002 the motion vector predictor candidate
determination unit 302 determines a motion vector predictor
candidate MVPX 1n the left-neighboring region, according
to the reference picture list i1dentification, the reference
picture 1dentification, and the scan direction indication infor-
mation to specily the scan direction X. The motion vector
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predictor candidate MVPX 1s determined by the same pro-
cess as the determination of the motion vector predictor
candidate MVP1 1n the first embodiment, by sequentially
scanning the partitions in the left-neighboring region in the
scan direction X specified by the scan direction indication
information.

Next, 1in step S1003, the motion vector predictor candidate
determination unit 302 determines a motion vector predictor
candidate MVPY 1n the above-neighboring region, accord-
ing to the reference picture list identification, the reference
picture 1dentification, and the scan direction indication infor-
mation to specily the scan direction Y. The motion vector
predictor candidate MVPY 1s determined by the same pro-
cess as the determination of the motion vector predictor
candidate MVP2 in the first embodiment, by sequentially
scanning the partitions 1n the above-neighboring region in
the scan direction Y specified by the scan direction indica-
tion information.

Next, 1n step S1004 the motion vector predictor candidate
determination unit 302 determines a motion vector predictor
candidate MVPZ of a partition 1n a reference frame spatially
substantially identical to the target partition. The process of
step S1004 1s the same as the process of step 304.

Next, 1n step S1005 the motion vector predictor candidate
determination unit 302 defines only non-identical motion
vector predictor candidates, out of the motion vector pre-
dictor candidate MVPX, the motion vector predictor candi-
date MVPY, and the motion vector predictor candidate
MVPZ, as motion vector predictor candidates. As a specific
example, where the motion vector predictor candidate
MVPX 1s 1dentical to the motion vector predictor candidate
MVPZ, only the motion vector predictor candidate MVPX
and the motion vector predictor candidate MVPY are
selected as motion vector predictor candidates. If no eflec-
tive motion vector predictor candidates are determined by
the processing up to step S1005, a zero motion vector 1s
defined as a motion vector predictor candidate.

Next, 1n step S1006 the decoding unit 301 restores the
motion vector predictor indication information on the basis
of the number of motion vector predictor candidates. In step
S1007, the motion vector predictor determination unit 303
then selects the optimum motion vector predictor from
among the motion vector predictor candidates, based on the
motion vector predictor indication information.

In the second embodiment, the determination order of the
motion vector predictor candidates MVPX, MVPY, and
MVPZ may also be changed based on the mode of division
of the target partition into sub-partitions and the positions of
the sub-partitions, as described above 1n the first embodi-
ment.

The video encoding device 20 and video decoding device
30 described above are configured to narrow down candi-
dates for a motion vector predictor and then detect the
optimum motion vector predictor from the resulting motion
vector predictor candidates. Therefore, it 1s possible to
reduce the computational complexity necessary for the
determination of the optimum motion vector predictor. Fur-
thermore, the motion vector predictor indication information
to specily the optimum motion vector predictor can be
encoded 1n a smaller bit count.

The video encoding device 20 and the video decoding
device 30 using the predictive encoding and predictive
decoding of the second embodiment are able to determine
the motion vector predictor candidates with a smaller error
from the motion vector of the target partition.

The below will describe a video encoding program 1000
for causing a computer to function as the video encoding
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device 20, and a video decoding program 1100 for causing
a computer to function as the aforementioned video decod-
ing device 30.

FIG. 11 1s a drawing showing a configuration of an
example of the video encoding program according to at least
one embodiment. FIG. 12 1s a drawing showing a configu-
ration of an example of the video decoding program accord-
ing to at least one embodiment. FIG. 13 1s a drawing
showing an example hardware configuration of a computer
according to at least one embodiment. FIG. 14 1s a perspec-
tive view showing an example of a computer according to at
least one embodiment.

At least part of the video encoding program 1000 shown
in FIG. 11 can be provided as stored 1n a recording medium
SM. Furthermore, at least part of the video decoding pro-
gram 1100 shown 1n FIG. 12 can also be provided as stored
in a recording medium SM. Examples of such recording

media SM applicable herein include recording media such as
the floppy disk, CD-ROM, DVD, or ROM, semiconductor
memories, or the like.

As shown 1 FIG. 13, a computer C10 can be provided
with a reading device C12 such as a floppy disk drive unait,
a CD-ROM drive unit, or a DVD drive unit, a communica-
tion port such as a universal serial bus port (USB), Bluetooth
port, an infrared communication port, or any other type of
communication port that allows communication with an
external device, such as another computer or memory
device. The computer 30 may also include a working
memory C14 that may include an operating system, a
memory (C16 that stores data, such as at least part of a
program such as a program stored in a recording medium
SM. In addition, the working memory C14 and/or the
memory C16 may include the memory 207 and the memory
306. The working memory C14 and memory C16 may be
one or more non-transitory computer readable storage
medium, and can include a solid-state memory such as a
memory card or other package that houses one or more
non-volatile memories, such as read-only memories. Fur-
ther, the computer readable medium can include a random
access memory or other volatile re-writable memory. Addi-
tionally or alternatively, the computer-readable medium can
include a magneto-optical or optical medium, such as a disk
or tapes or any other non-transitory information storage
medium to capture carrier wave signals such as a signal
communicated over a transmission medium. A digital file
attachment to an e-mail, stored 1n a storage medium, or other
self-contained mformation archive or set of archives may be
considered a non-transitory distribution medium that 1s a
tangible computer readable storage medium. Accordingly,
the embodiments are considered to include any one or more
ol a computer-readable storage medium or a non-transitory
distribution storage medium and other equivalents and suc-
cessor information storage media, in which data or instruc-
tions may be stored. In addition, the computer C10 may have
a user interface that includes a monitor unit C18 such as a
display, a mouse C20 and a keyboard C22 as input devices,
a touch screen display, a microphone for receipt of voice
commands, a sensor, or any other mechamism or device that
allows a user to interface with the computer C10. In addi-
tion, the computer C10 may include a commumnication
device C24 for transmission/reception of data and others,
and a central processing unit (CPU) C26, or processor, to
control execution of the program. The processor C26 may be
one or more one or more general processors, digital signal
processors, application specific mtegrated circuits, field pro-
grammable gate arrays, digital circuits, analog circuits,
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combinations thereof, and/or other now known or later
developed devices for analyzing and processing data.

In an example, when the recording medium SM 1s put 1nto
the reading device C12, the computer C10 becomes acces-
sible to the video encoding program 1000 stored in the
recording medium SM, through the reading device C12 and
becomes able to operate as the video encoding device 20,
based on the program 1000.

In an example, when the recording medium SM 1s put 1nto
the reading device C12, the computer C10 becomes acces-
sible to the video decoding program 1100 stored in the
recording medium SM, through the reading device C12 and
becomes able to operate as the video decoding device 30,
based on the program 1100.

As shown 1n the example of FIG. 11, the video encoding
program 1000 1s provided with a main module 1001 to
generally control the processing, an mput module 1002, a
motion detection module 1003, a motion vector predictor
candidate determination module 1004, a motion vector
predictor determination module 1005, a motion vector dif-
terence module 1006, a motion compensation module 1007,
a spatial prediction module 1008, a prediction method
determination module 1009, a subtraction module 1010, an
orthogonal transform module 1011, a quantization module
1012, an entropy encoding module 1013, an inverse quan-
tization module 1014, an inverse orthogonal transform mod-
ule 1015, and an addition module 1016. The functions that
the input module 1002, the motion detection module 1003,
the motion vector predictor candidate determination module
1004, the motion vector predictor determination module
1005, the motion vector difference module 1006, the motion
compensation module 1007, the spatial prediction module
1008, the prediction method determination module 1009, the
subtraction module 1010, the orthogonal transform module
1011, the quantization module 1012, the entropy encoding
module 1013, the mverse quantization module 1014, the
inverse orthogonal transform module 1015, and the addition
module 1016 causes a computer, or processor to implement
at least some of the functions of the alforementioned 1nput
unit 201, motion detection unit 202, motion vector predictor
candidate determination unit 203, motion vector predictor
determination unit 204, motion vector diflerence unit 205,
motion compensation unit 206, spatial prediction unit 208,
prediction method determination unit 209, subtraction unit
210, orthogonal transform unit 211, quantization unit 212,
entropy encoding unit 213, mverse quantization unit 214,
inverse orthogonal transform umt 215, and addition unit
216, respectively.

As shown 1n the example of FIG. 12, the video decoding
program 1100 1s provided with a main module 1101 to
generally control the processing, an entropy decoding mod-
ule 1102, a motion vector predictor candidate determination
module 1103, a motion vector predictor determination mod-
ule 1104, a motion vector addition module 1105, a motion
compensation module 1106, a spatial prediction module
1107, a prediction method determination module 1108, an
inverse quantization module 1109, an inverse orthogonal
transform module 1110, and an addition module 1111. The
functions that the entropy decoding module 1102, motion
vector predictor candidate determination module 1103,
motion vector predictor determination module 1104, motion
vector addition module 1105, motion compensation module
1106, spatial prediction module 1107, prediction method
determination module 1108, mverse quantization module
1109, 1inverse orthogonal transform module 1110, and addi-
tion module 1111 causes a computer or processor to 1mple-
ment at least some of the functions of the atorementioned
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entropy decoding unit 301, motion vector predictor candi-
date determination unit 302, motion vector predictor deter-
mination unit 303, motion vector addition unit 304, motion
compensation unit 305, spatial prediction unit 307, predic-
tion method determination unit 308, mverse quantization
unit 309, mverse orthogonal transform unit 310, and addi-
tion unit 311, respectively.

The previous discussion describes various embodiments
of the predictive coding system, but the predictive coding
system can be modified 1n many ways without being limited
to the above embodiments. For example, i the above
embodiments the encoded data of the motion vector difler-
ence 1s the difference between the motion vector of the target
partition and the motion vector predictor (optimum motion
vector predictor), which 1s transmitted from the encoding
device to the decoding device, but the optimum motion
vector predictor may be adopted as the motion vector of the
target partition, without transmitting the encoded data of the
motion vector difference from the encoding device to the
decoding device.

The motion vector predictor candidate MVPX may be
determined as follows: predicted picture signals can be
created using the motion vector predictor candidates MVPa
and MVPb and the motion vector predictor candidate
MVPX to be adopted 1s a motion vector predlctor candidate
to make smaller the sum of absolute differences (SAD)
between the predicted picture signal and the picture signal of
the target partition, out of the motion vector predictor
candidates MVPa and MVPb. The motion vector predictor
candidate MVPY may be determined as follows: predicted
picture signals are created using the motion vector predictor
candidates MVPc and MVPd and the motion vector predic-
tor candidate MVPY to be adopted i1s a motion vector
predictor candidate to make smaller the sum of absolute
differences (SAD) between the predicted picture signal and
the picture signal of the target partition, out of the motion
vector predictor candidates MVPc and PMCd. Furthermore,
the sum of absolute transformed differences (SATD) or the

sum of square differences (SSD) may be used instead of
SAD.

REFERENCE SIGNS LIST

20 video encoding device; 30 video decoding device; 201
input unit; 202 detection unit; 203 motion vector predictor
candidate determination unit; 204 motion vector predictor
determination unit; 205 motion vector diflerence unit; 206
motion compensation unit; 207 memory; 208 spatial predic-
tion unit; 209 prediction method determination unit; 210
subtraction unit; 211 transform unit; 212 quantization unit;
213 entropy encoding unit; 214 inverse quantization unit;
215 1nverse transform unit; 216 addition unit; 301 entropy
decoding unit; 302 motion vector predictor candidate deter-
mination unit; 303 motion vector predictor determination
unit; 304 motion vector addition unit; 305 motion compen-
sation unit; 306 frame memory; 307 spatial prediction unit;
308 prediction method determination unit; 309 inverse quan-
tization unit; 310 i1nverse orthogonal transform umt; 311
addition unait.

The mvention claimed 1s:

1. A method for predictively decoding a motion vector
used 1n motion compensated prediction to restore a video
sequence consisting of a temporal sequence of a plurality of
frame pictures, comprising;

a step ol determiming a first motion vector predictor

candidate that satisfies a predetermined criterion used

in determination of motion vector predictor candidates,
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from motion vectors of partitions belonging to a left-
neighboring region located on the left side of a target
partition 1n a frame picture of a decoding target;

a step of determining a second motion vector predictor
candidate satisiying a predetermined criterion used 1 5
determination of motion vector predictor candidates,
from motion vectors of partitions belonging to an
above-neighboring region located above the target par-
tition;

a step of decoding coded data and restoring motion vector 10
predictor indication information that specifies an opti-
mum motion vector predictor of the target partition;
and

a step of selecting the optimum motion vector predictor
specified by the motion vector predictor indication 15
information, from motion vector predictor candidates
including at least the first motion vector predictor
candidate and the second motion vector predictor can-
didate;

wherein the step of determining a second motion vector 20
predictor candidate determines a motion vector that
satisfies the predetermined criterion used in determi-
nation of motion vector predictor candidates as a sec-
ond motion vector predictor candidate, from motion
vectors of partitions, by scanning the partitions belong- 25
ing to the above-neighboring region, from a right
direction to a left direction, and

the partitions scanned from the right direction to the left
direction include one or more thinned partitions.
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